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Abstract: The human response to surgery is meant to be protective and to promote healing. The cascade 
of events that ensue following tissue injury is highly complicated and involves an interplay of the metabolic, 
hemodynamic, hormonal and immunological systems. The release of biomolecules known as damage-
associated molecular patterns (DAMPs) activates the pro-inflammatory innate and anti-inflammatory 
adaptive responses, which are designed to defend and contain the inflammatory process locally. The 
magnitude of tissue injury influences the scale of the inflammatory response. Further, patient factors as 
well as medical therapy influences this response. An imbalance between the pro-inflammatory and anti-
inflammatory response or an exaggerated response may culminate with organ dysfunction, an increased 
susceptibility for infections or death. Cell mediated immunity (CMI) is often suppressed post surgery 
and patients are predisposed to the development of postoperative infections and complications. Mapping 
the immune response would be useful in terms of adjudging the patient’s response to surgery, alerting 
clinicians to the occurrence of complications thereby providing the opportunity to implement appropriate 
management timeously if necessary. There is a vast overlap in the surgical inflammatory response with that 
of the pathogen-associated molecular patterns (PAMPs) induced response that follows sepsis. This presents 
a challenge in the postoperative period in terms of distinguishing between infectious and non-infectious 
complications. Biomarkers have thus emerged as attractive contenders to map the immune response. Taking 
into account the complexity of the inflammatory response, it is unlikely that a single biomarker will ever 
be utilised to achieve this. In the era of personalised medicine, where our patient populations are quite 
heterogeneous, future directions point towards the use of multiple panels of novel biomarkers. Currently 
the procalcitonin (PCT) and C-reactive protein (CRP) are available for general use. This review explores 
the inflammatory response to surgery and the utility of CRP and PCT in the postoperative period. It 
highlights the importance of using biomarker kinetics coupled with the clinical response and the principle of 
individualised interpretation.
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Introduction

Surgical procedures elicit a physiological inflammatory host 
response that comprises of an intricate mix of metabolic, 
immunological, hemodynamic and hormonal signals which 
are designed to be protective and create a physiological 
milieu that is conducive to recovery. This response is geared 
to ensure energy production and restoring cardiovascular 
homeostasis to promote tissue repair, wound healing and 
ultimately ensure patient wellbeing. Occasionally the 
inflammatory response is unable to confer its protective role 
and the patient may develop postoperative complications 
or even succumb to the effects of an amplified or weakened 
inflammatory response. The risk for this arises in scenarios 
where there is an interplay of various factors including 
patient factors, intraoperative complications, the nature and 
duration of the surgery as well as anaesthetic agents that 
may adversely influence and alter these complex pathways.

Understanding the inflammatory response to surgery 
and in particular being able to track the immune response 
in the post surgical period is advantageous as it poses 
to clinicians the opportunity to adjudge the patient’s 
response to the surgical insult, course of recovery, detection 
of complications including infections and the timely 
management thereof. This review explores the inflammatory 
response to surgery and the utility of currently available as 
well as promising biomarkers in this regard.

Inflammatory response to surgery

Metabolic and hormonal response

The metabolic, hemodynamic and hormonal response 
follows the activation of the hypothalamic-pituitary-adrenal 
(HPA) axis. It is characterized by the increased secretion of 
catecholamines, growth hormone, arginine vasopressin and 
cortisol as well a state of insulin resistance and an increase 
in gluconeogenesis, glycogenolysis and lipolysis. These 
neurological-endocrine pathways interact with the immune 
system and the net effect is to mobilise energy sources and 
maintain physiological homeostasis. The scale of tissue 
injury or surgical trauma influences the magnitude of the 
hormonal and metabolic response. 

Immune response

During surgery, the occurrence of cellular disruption 
from tissue injury, haemorrhage or ischemia-reperfusion 
injury results in the activation of the innate and adaptive 

responses which are respectively pro-inflammatory and 
anti-inflammatory in nature. The former is defensive and 
destroys harmful molecules, whilst the latter focuses on 
promoting healing by containing the inflammatory process 
locally. Usually this local response suffices and results in 
the restoration of physiological homeostasis; however in a 
subset of patients a dysregulated response that is imbalanced 
ensues. This is characterised by excessive cytokine release, 
which manifests as a systemic inflammatory response 
syndrome (SIRS), and may culminate with either organ 
dysfunction or alternatively an increased predisposition for 
new or repeat infections.

Innate response
The innate response is  typically characterised by 
phagocytosis as well as the activation of complement and 
natural killer cells. Following tissue injury, mediators such 
as oxygen reactive species, cytokines and nitric oxide are 
released, leading to a local response that is typified by 
the accumulation of macrophages, polymorphonuclear 
leucocytes and lymphocytes at the site of injury (1,2). 
Molecules such as high-mobility group B1(HMGB1), 
mitochondrial DNA, glycosaminoglycans, heat shock 
protein (HSP), adenosine triphosphate (ATP), protein 
S100 and uric acid are also released following tissue injury 
and they are collectively referred to as damage associated 
molecular patterns (DAMPs) (3,4). Toll like receptors 
(TLRs) such as TLR-2, TLR-4 and TLR-9 attract these 
DAMPs and the combined complex triggers a cascade of 
events which includes activation of the innate immune 
system (as well as the acquired/adaptive immune system). 
The innate system activation leads to release of cytokines 
such as tumour necrosis factor-α (TNF-α), interleukin-
1β (IL-1β), IL-6 and IL-8 through nuclear factor kappa β 
(NFKβ) cell expression (5). Monocytes and macrophages 
in particular as well as lymphocytes, mast cells, endothelial 
cells and fibroblasts are responsible for the release of 
cytokines at the site of tissue injury (6,7). 

These cytokines are the key drivers of the immune 
response and are detectable very soon following injury. 
Their roles include the regulation of immune function, 
prevention of cellular damage and the promotion of cellular 
repair. IL-6 in particular is instrumental in the release of 
complement, C-reactive protein (CRP) and procalcitonin 
(PCT) (8). TNF-α and IL-6 stimulate the production of 
CRP and PCT, whilst interferon-γ (INF-γ) suppresses 
the production of PCT. It has been demonstrated that the 
magnitude of IL-6 correlates with the severity of injury, 
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duration of the surgery as well as the complications that 
ensue (9,10). 

The cytokines that are produced may confer pro-
inflammatory (IL-1, IL-6, TNF) or alternatively anti-
inflammatory (IL-10) activity in that they augment or 
attenuate the SIRS response respectively. The former is 
instrumental in driving organ dysfunction whilst the latter 
renders the patient susceptible to infections. Until recently, 
it was believed that the pro-inflammatory response and 
the anti-inflammatory response were bimodal in nature. 
However, it is now accepted that they often occur almost 
simultaneously. When there is an imbalance in the pro-
inflammatory and anti-inflammatory response or if either 
are left unchecked, the patient mounts a massive cytokine 
storm which manifests as dysregulated inflammatory 
response (11). The cytokine storm that ensues can drive 
multi-organ dysfunction (predominantly pro-inflammatory 
response) or lead to an increased susceptibility to 
infections (preponderance of anti-inflammatory response). 
An amplified pro-inflammatory response is likely in 
situations of extensive tissue injury, which may occur with 
damage control surgery, prolonged duration of surgery, 
intraoperative complications or long cardiopulmonary 
bypass (CPB) duration. Patients with immunosuppression 
may be at risk of a profound anti-inflammatory response. 
A dysregulated response thus sets the scene for potentially 
poor clinical outcomes.

Adaptive immunity 
Activation of the acquired/adaptive immunity consisting of 
T helper (TH) lymphocytes follows the stress of surgery. 
TH1 lymphocytes regulate cell mediated immunity (CMI) 
through monocyte activation, whilst TH2 lymphocytes 
are responsible for antibody production. IL-12 produced 
from the activated monocytes of the innate response, 
induces TH1 and TH2 cells. In turn TH cells also drive the 
secretion of IL-10 and the production of cytokines. TH1 
cells thus promote pro-inflammatory activity and cellular 
immunity whilst TH2 cells promote anti-inflammatory 
activity (8,12). 

It has been observed that surgery results in an imbalance 
of TH1 and TH2 lymphocytes in favour of TH2 cells. 
Elevated IL-10 levels are also encountered as a result 
of the innate response (13-15). The TH1 and TH2 cell 
imbalance is attributed to elevated prostaglandins being due 
to an increase in IL-10 as well as through glucocorticoid 
mediation consequent to the stress related activation of 
the HPA axis and the subsequent increase in cortisol and 

catecholamines. As such, CMI is often suppressed following 
surgery and patients are predisposed to the development of 
postoperative infections and complications (9,10,14,16). 

The immune response to an infection follows a similar 
process except that the trigger is a component of the 
microorganism, which is recognised by the host’s TLRs as 
a pathogen-associated molecular pattern (PAMP). Figure 1 
illustrates that both tissue injury as well as pathogens can 
activate the inflammatory response through the release 
of DAMPs or PAMPs, which may culminate with either 
clinical recovery, organ dysfunction or with an increased 
propensity for infections and that the patient may succumb 
to the injury or infection if the inflammatory response 
remains imbalanced.

Monitoring the immuno-inflammatory response 
post-surgery

Taking into account the risk of postoperative infections 
and surgery specific complications (ischemia, haemorrhage, 
anastomotic leaks), mapping and monitoring the immune-
inflammatory response to surgery poses an attractive 
opportunity to timeously identify such complications. 
This is however limited by the complexity of the multiple 
interdependent pathways, the overlap in the inflammatory 
pathways which occurs with both infectious and non-
infectious complications as well as a multitude of extraneous 
factors which may alter the immune response such as 
patient comorbidities, pre-surgical immune status, age, 
mode of anaesthesia, anaesthetic agent, duration of the 
surgical procedure and the occurrence of intraoperative 
complications. In the absence of rapid and reliable 
diagnostic tools to permit early identification of infectious 
and non-infectious complications, there is a huge reliance 
on the use of biomarkers to map the immune response. 
As such, biomarkers often serve as adjunctive tools to 
guide the management of postoperative patients. From 
a biomarker use perspective, it is now appreciated that 
due to the dynamic fluxes in the immune response and 
the heterogeneous nature of patients, a “one size fits all” 
approach is not useful; instead an individualised approach is 
deemed to yield an enhanced interpretation of the clinical 
scenarios that we deal with.

Biomarkers

To date short of 200 biomarkers have been evaluated or 
are currently being investigated for their potential role in 
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this domain but their poor discriminatory performance in 
heterogeneous patient populations has precluded the use of 
the vast majority of these biomarkers. Candidate biomarkers 
include cytokines, acute phase proteins, coagulation cascade 
markers, neutrophil activation factors as well as other 
specific markers of the immune response. The current focus 
is now steering towards the use of combination biomarkers 
in order to improve their discriminatory power (17,18). 
Further the utility of genomic and proteomic technologies 
are also being investigated (19,20).

Cytokines

These chemically active molecules play a central role in 
the inflammatory response, which renders them attractive 
as monitoring tools, which could be used to accurately 
determine the precise phase of the inflammatory response 
based on the ratio of the various cytokines at a given point 
in time. Their routine use is however precluded by their 
ultra-short half-lives (which would necessitate multiple tests 
with rapid turn-around times for meaningful management 
decisions), the presence of blocking antibodies, a lack of 
access to them, a lack of decision-making algorithms and 
the cost of the tests. As such they are currently utilised 
mainly in research settings. 

IL-6 has been studied the most amongst the cytokines. 

It is detectable 2 hours post-surgery and peaks 12– 
24 hours post-surgery and declines to normal levels within  
48–72 hours in the absence of complications (21). Its ultra-
short half-life precludes its routine use. 

Although CRP and PCT are both induced by cytokines 
they each have their own strengths and weaknesses. They 
play a useful role in the postoperative setting and this is 
elaborated upon below. 

CRP

CRP is a non-specific inflammatory marker produced 
by the hepatocytes. It exhibits a half-life of 19 hours and 
elevated levels are first detectable 6 hours post insult or 
surgery and it peaks at 48–72 hours post-surgery (22). 
CRP activates complement and has numerous functions in 
the inflammatory response including cytokine activation 
and elimination of target cells (23,24). In the absence of 
complications, CRP levels start declining from day 3 to 4 
post surgery when the stimulus for its production (DAMPs 
induced cytokine production) ceases and it may take up to a 
week for CRP levels to return to baseline levels (<3 mg/L)  
(25-27). It exhibits a slow decay, which limits its utility in 
the immediate postoperative period. The magnitude of the 
upswing in the CRP level is believed to be proportional 
with the scale of the inflammatory response. Elevated CRP 

Figure 1 Inflammatory response to surgery or infection. DAMPs, damage-associated molecular patterns; PAMPs, pathogen-associated 
molecular patterns.
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levels occur with conditions that lead to an inflammatory 
response and this includes infections (bacterial, fungal 
and viral), surgery, trauma, malignancy, CPB, pancreatitis, 
necrosis, ischemia, burns and massive transfusion. Hepatic 
dysfunction impedes CRP production.

PCT

PCT is produced in the thyroid glands, lungs and intestinal 
tissue. It has a short half-life of 24 hours and in healthy 
individuals plasma levels are below 0.15 ng/mL. Infections 
and non-infectious insults (including surgery and any cause 
of a SIRS) lead to an increase in PCT and the source of 
production broadens to include several other organs. Hence 
PCT levels can increase significantly. PCT production 
is highly specific for bacterial infections. PCT is mainly 
induced by IL-6 and it is detectable within 3–6 hours of the 
injury or insult. The greater the scale of the inflammatory 
response, the greater the magnitude of the PCT that is 
subsequently produced. Any patient who mounts a non-
infectious SIRS response should manifest with an increase in 
PCT production. As such patients with burns, pancreatitis, 
massive transfusion, myocardial infarction or post surgery 
will exhibit an elevated PCT. Clec’h et al. demonstrated 
that the baseline median PCT among medical patients 
was significantly lower than that of post surgical patients 
which supports the notion of moving away from focusing 
on absolute values and reference ranges of PCT in order to 
interpret the inflammatory response (28).

PCT has been studied extensively in terms of its 
potential role in the diagnosis of bacterial and fungal 
infections, its reduction on duration of antimicrobial 
therapy, its ability to detect postoperative complications and 
in prognosticating patient outcome. Certainly, all the trials 
are not in agreement in terms of their findings regarding 
its utility, but a common thread has emerged in that the use 
of PCT kinetics provides a useful adjunctive tool in terms 
of detecting complications and curtailing the duration of 
antibiotic use (29-36). The following factors help guide the 
individualised approach to interpreting PCT:
	 Patients with a non-infectious cause for SIRS such 

as burns, polytrauma, a major elective surgical 
procedure or a massive blood transfusion, will 
exhibit an elevated PCT level. The level of elevation 
corresponds to the magnitude of the SIRS response 
or cytokine storm. However, as the underlying 
cause for the SIRS response resolves, there should 
be a proportional decline in the inducing DAMPs 

levels and therefore the PCT should steadily decline 
towards normal levels. As such if the PCT kinetics 
does not show a decline in such patients there should 
be a concern of either a new infection or on-going 
primary pathology.

	 It has been demonstrated that bacterial infections elicit 
a massive cytokine storm and as such PCT elevations 
are greater with bacterial infections compared to that 
following elective surgical procedures. Clec’h et al. 
demonstrated that patients with septic shock display 
a 10-fold higher median PCT concentration than 
patients with sterile shock (37).

	 INF-γ, the predominant cytokine that is produced in 
viral infections, suppresses PCT production and as 
such patients with pure viral infections will exhibit a 
normal PCT level. 

	 Post surgery the magnitude of PCT elevation 
depends on the extent of the induced inflammatory 
response as well as the site of the surgery. Typically, 
PCT elevations are greatest with abdominal and 
retroperitoneal surgery (26,27,38). Thoracotomies 
and other surgical site incisions evoke a smaller PCT 
induction than do laparotomies. Postoperative PCT 
elevations of up to 9 ng/mL have been observed. 
Postoperatively, the PCT has been observed to peak 
within 24 hours and thereafter decline steadily daily, 
to normal levels provided there are no postoperative 
complications including infections (26,27). Any PCT 
level greater than 10 ng/mL post surgery in the non-
transplant setting should generally be regarded as 
abnormal. A PCT that plateaus or does not decline 
24 hours after surgery is also considered to be 
abnormal and may allude to either a postoperative 
complication, new infection or on-going infection (in 
the case of preoperative sepsis). 

	 Prolonged CPB duration rather than CPB itself 
induces PCT production. 

	 Transplantation surgery has been shown to induce 
PCT levels above 10 ng/mL (25).

	 In situations of repeat infections, the peak PCT level 
for each subsequent infection tends to be less than 
the peak PCT of the preceding infection (39,40). 
This may be attributed to a lesser cytokine storm 
occurring with subsequent infections; possibly due 
to the development of a weakened immune response 
over time. This phenomenon has been demonstrated 
in patients with secondary peritonitis (39). As such to 
effectively track the occurrence of repeat infections, 
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the PCT kinetics becomes more important than an 
individual PCT value.

In the surgical critical care patient population, the 
aforementioned makes a strong case for the use of PCT 
trends or kinetics rather than the use of reference ranges 
or individual values. Further, PCT as per other biomarkers 
should always be evaluated and interpreted within the 
context of the clinical scenario while taking into account its 
limitations. 

White cell count (WCC)

Changes in WCCs are not well described in the literature 
largely due to their poor specificity in terms of detecting 
postoperative complications. 

Future directions

Currently most clinicians rely upon CRP and PCT to 
adjudge the inflammatory response and guide therapy. 
Biomarkers that are being explored in this domain include 
but are not limited to adrenomedullin, soluble triggering 
receptor expressed on myeloid cells-1 (sTREM-1), 
pro-adenomedullin1, CD-64 and sCD-14. It has been 
suggested that a panel comprising of calprotectin M-1, 
IL-6 and PCT may be more specific and provide a better 
reflection of the interaction of the different components 
and determine the phase of the inflammatory response 
at specific points in time—chemotactic, initial hours 
and then a more generalised response respectively—to 
detect postoperative infections before the onset of clinical 
manifestations (41,42).

Markers of immunosuppression are considered to be 
attractive to monitor, in order to adjudge the state of the 
adaptive immune response as immunosuppressed patients 
may benefit from immunostimulatory therapy. To this 
extent, the use of flow cytometry to ascertain the extent 
of immunosuppression is being explored. Parameters such 
as CD10/CD16 expression, human leukocyte antigen-DR 
(HLA-DR) expression on monocytes, CD4 and lymphocyte 
counts comprise the markers that are being explored (43).

We need to accept that a single marker will probably 
never be able to reflect the full spectrum of changes and the 
rapidity with which they occur. Further, the overlap in the 
response to both infections and non-infectious insults is a 
huge limiting factor when it comes to being able to tease 
out infections from non-infectious complications. As such, 
the multipanel biomarker route is inevitable in the future. 

Role of PCT and CRP in the postoperative 
setting

The use of biomarker kinetics is key in the postoperative 
period. Whilst all the studies may not support the utility of 
PCT and CRP, there is a body of evidence to supports that 
PCT and CRP kinetics are helpful in the identification of 
postoperative complications. CRP however tends to yield 
this signal later than PCT as it is a biomarker that reacts 
more slowly than PCT. It is recommended that both be 
monitored as neither are perfect, as per their limitations 
which are described below. PCT kinetics are especially useful 
as they play a more specific role in the detection of bacterial 
infections, provide guidance on when to stop antibiotics and 
thus reduce antibiotic exposure, provide a cue to consider the 
possibility of a fungal infection and also offer an impression 
of the severity of the injury or infection. This is discussed in 
detail below and a practical approach is depicted in Figure 2. 
Box 1 summarises key messages pertaining to the role of CRP 
and PCT in the postoperative period.

Detecting post-operative infections

Infections are difficult to detect. They are not always 
clinically apparent or amenable for detection by imaging. 
Blood cultures have a poor yield with turn-around times 
that usually exceed 48 hours. Clinical and biological 
markers of inflammation such as hypotension or aberrations 
in temperature, respiratory rate, heart rate and WCC 
confer poor specificity for infections. Further, sepsis follows 
a very complex inflammatory response that is almost 
identical to that exhibited by non-infectious causes of tissue 
damage. Thus inflammatory changes due to infections 
are indistinguishable from non-infectious SIRS response. 
Taking into account that time to source control impacts on 
outcome, CRP and PCT are relied upon to better inform us 
about the clinical situations that we manage.

Whilst the CRP and PCT response to surgery is 
similar, the main difference between them is that CRP 
and PCT peak at 48–72 hours and 24 hours respectively. 
Thus, CRP kinetics can really only be used from 72 hours 
postoperatively onwards. Postoperative complications 
might thus be detected much sooner with PCT use. 
Another drawback of CRP relates to it reaching a plateau 
quickly following an insult irrespective of the severity of 
the insult, whilst the PCT response has been observed to 
be proportional to the severity of the infection (44). The 
rationale for monitoring PCT and CRP relates to both 
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biomarkers having their own inherent limitations. PCT 
may not be elevated in loculated or deep seated infections 
and in such cases a stagnant CRP should alert the clinician 
to consider further investigations such as imaging especially 
if the patient is not improving clinically.

Several studies have reported that PCT is useful in 
the detection of bacterial infections and it has also been 
demonstrated to be more sensitive and specific than CRP, 
WCC and IL-6 in detecting infections (45,46). These 
are studies in mixed medico-surgical populations. There 
are also a few studies that have contradicted its utility in 
detecting infections (47-52). This may be attributed to the 
use of absolute values rather than PCT kinetics.

In critically ill patients or post-operative patients the 
inevitable occurrence of non-infectious SIRS precludes the 
use of the normal reference ranges for PCT in order to 
adjudge the presence or absence of an infection. This might 
explain why certain studies have been negative regarding 
PCT utility in critically ill patients. 

A recent study by Trásy et al. supports the notion of 
monitoring PCT kinetics to improve the discriminatory 
power of sepsis detection (53). They determined the delta-
PCT (PCT level from preceding day subtracted from PCT 
level on day of suspected infection) and found that patients 

with an infection exhibited a significantly higher delta PCT 
than those without an infection. A delta-PCT value of 0.76 
yielded the best discrimination for infection whilst absolute 
values or changes in WCC and CRP were not deemed 
useful. Similarly, Tsangaris et al. demonstrated that a twofold 
increase in PCT within a 24-hour period together with fever 
was useful to detect infections in an intensive care unit (ICU) 
population (54). This study highlights the importance of 
monitoring kinetics rather than absolute values as a twofold 
increase was also observed in patients with very low PCT 
baseline levels (in the range 0.1 and 0.75 ng/mL).

Among pancreaticoduodenectomy patients, both CRP 
and PCT appear to be useful in predicting infectious 
complications (55). A recent systematic review supports 
the use of PCT to predict intra-abdominal infections post 
colorectal surgery (35). An earlier meta-analysis did not 
support this and it might be attributed to the use of absolute 
values in the studies rather than kinetics (56). PCT has also 
been reported to be useful in the detection of infections 
post lung and cardiac surgery (30,31,57). 

Postoperatively a patient developing a new infection 
would have both DAMPs and PAMPs driven PCT 
production. Infections should thus be considered in 
situations where the patient is clinically unwell and the 

Figure 2 Practical approach to utilising PCT and CRP in the postoperative period. , increasing; , decreasing. PCT, procalcitonin; CRP, 
C-reactive protein.

Surgery

Intraoperative infection No intraoperative infection

Monitor trends

Clinical + CRP + PCT

•	 PCT  Day 2 or 
stagnant

•	 CRP  Day 4 or 
stagnant

•	 No clinical 
improvement

Review source 
control imaging

Consider complication
•	 Infections
•	 Noninfections

Exclude loculated 
infection

Exclude fungal 
infection

Continue
management

Continue
management

•	 PCT  Day 2 or 
stagnant

•	 CRP  Day 4 or 
stagnant

•	 No clinical 
improvement

•	 PCT  Day 2 onwards
•	 CRP  Day 4 onwards
•	 Clinically well

CRP  
Clinically 

well

PCT <5 ng/mL
PCT  by 50% 

in 24 h

PCT 
CRP 

PCT  Day 2 onwards

CRP normal 
clinically well

CRP 

Monitor trends

Clinical + CRP + PCT



Journal of Emergency and Critical Care Medicine, 2019Page 8 of 13

© Journal of Emergency and Critical Care Medicine. All rights reserved. J Emerg Crit Care Med 2019;3:47 | http://dx.doi.org/10.21037/jeccm.2019.08.06

PCT as well as CRP is static or not declining.
Post transplantation, PCT induction is not suppressed 

whilst CRP production may be suppressed with the 
administration of immunosuppressive therapy. A normal 
decay of PCT post transplant would help differentiate 
rejection from an infection.

Gram negative infections including multidrug resistant 
gram negative pathogens have been reported to provoke a 
greater induction of PCT than do gram positive pathogens 
(58,59). However, it is not advised to use the magnitude 
of the PCT to inform empiric antibiotic therapy choices, 
particularly in critically ill patients who also often exhibit a 
state of immunoparesis. 

The absence of a postoperative CRP rise following 
surgery may help to exclude an infection (60). However, 
this would generally entail several days of CRP monitoring 
to permit the normal course of CRP decline to occur. CRP 
kinetics has been reported to be useful to detect infectious 
complications postoperatively by observing the trend over 
at least 4–7 days post surgery (61-63).

Amongst the available biomarkers PCT has been found to 
confer the best discriminatory ability for bacterial infections. 

Monitoring response to antimicrobial therapy or  
intra-operative source control

Novotny et al., demonstrated in a cohort of 104 patients 
with septic peritonitis that a day 1: day 2 PCT ratio greater 
than 1.03 is useful to tease out successful cases of source 
control [area under curve (AUC), 0.83] (64). A few other 
studies have also demonstrated the usefulness of PCT 
kinetics in detecting the occurrence of new sepsis or on 
going sepsis postoperatively (32-34). A study that found 
PCT to be of no value in monitoring response to therapy in 
abdominal infections did however require that the PCT fall 
to <0.05 ng/mL (65).

The Early Procalcitonin Kinetics (EProK) study 
demonstrated PCT kinetics to be useful in adjudging 
response to antibiotic therapy. PCT was measured 8 hourly in 
the first 24 hours post antibiotic initiation and patients with 
inappropriate antibiotic therapy demonstrated a PCT that 
increased through the first 24 hours whilst the appropriate 
therapy group demonstrated a fall in the PCT between  
16 and 24 hours post antibiotic initiation (36). Clearance 
of CRP and PCT together with clinical improvement is a 
reassuring feature in patient management (66,67). 

Fungal infections

PCT levels are reported to be typically low (<5.5 ng/mL)  
with a median value of 0.6 ng/mL in fungal sepsis (68,69). 
This may be due to suppression by INF-γ. As such if a 
patient has a low PCT level and is clinically unwell and 
an infection is suspected, one should be considering the 
possibility of a fungal infection. Patients who have a 
bacterial infection may also develop a fungal infection 
and in such situations one would expect the PCT level to 
suddenly decline by more than 50% within a 24 hour period 
yet the patient would remain clinically unimproved or be 
more ill. In a patient with septic shock who is deteriorating 
and the PCT level is <5 mg/mL or declining rapidly, a 
fungal infection ought to be considered.

Detecting non-infectious complications

The use of CRP and or PCT levels post abdominal 
surgery have yielded conflicting results in terms of 
detecting postoperative complications and this may be 
due to population heterogeneity, small cohorts or the use 
of absolute values rather than kinetics (70-76). However, 
the majority of studies do suggest the utility of CRP and 
or PCT in detecting postoperative complications (72-76). 
It also appears that the PCT may be used earlier than the 
CRP to identify complications (73,75). 

Post-abdominal surgery, the detection of anastomotic 
leaks is crucial to avoid progression to fulminant sepsis. It 
has been reported that the use of CRP and PCT is useful in 
this setting (75). Post cardiac surgery, presepsin and PCT 
have been found to behave similarly in terms of identifying 
postoperative complications on day 2 in a cohort of 122 
patients (77). In a recent study with a cohort of 72 patients 
post liver resection, PCT was found to be superior to WCC 
and CRP in terms of detecting postoperative complications 
and this was possible within 2 days of surgery (76).

Monocytic HLA-DR expression appears to be more 
promising in comparison to WCC, CRP and PCT to 
predict anastomotic leaks post colorectal surgery (78). This 
was useful from postoperative days 3 and 4 onwards.

Duration of antibiotic therapy

A PCT guided strategy has been shown to safely reduce the 
duration of antibiotic exposure in several trials (29,79-83).  
These studies include postoperative patients as well as 
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patients with intra-abdominal infections and have not 
demonstrated an increased mortality with such a strategy. 
The PCT guided strategy entails stopping antibiotic therapy 
provided the patient is clinically improving and there is a 
decline in the PCT by 80% compared to the peak PCT 
response for that infection. Surgical source control would be 
necessary in cases of surgical infections. Shehabi et al. recently 
demonstrated no impact on duration of antibiotic exposure 
with a PCT guided strategy but this trial has been criticised 
for its overly ambitious objective of reducing antibiotic 
exposure (a 25% reduction which essentially translates to 
antibiotic discontinuation within 96 hours of initiation) (84). 
Earlier studies that showed benefit were conducted during 
the era of prolonged periods of antibiotic administration and 
have also been appropriately criticised in terms of changes in 
our current antibiotic prescription practices. A recent study 
from the Netherlands not only reaffirms but also provides 
very good data that even during the era of reduced antibiotic 
exposure, a PCT guided strategy can significantly curtail the 
duration of antibiotic exposure with added benefits (29). PCT 
guided strategies to reduce antibiotic exposure in patients 
with abdominal infections have been described (80-83). 
Currently Infectious Diseases Society of America (IDSA) and 
the Surviving Sepsis Campaign guidelines suggest the use of 
PCT for antibiotic cessation (85,86). 

Specific considerations 

Renal dysfunction
Patients with renal dysfunction or who are receiving 
intermittent renal replacement therapy have been shown 
to exhibit higher basal levels of PCT as the half-life does 
increase with renal dysfunction (87). The decline rate of 
PCT is however unaltered and kinetics should be more 
useful than the actual individual values (88-90). It is also 

recommended that the PCT measurements be deferred for 
at least 3 hours post dialysis.

Neutropenia/immunosuppression 
PCT has been shown to be superior to CRP and IL-8 in 
detecting infections in neutropenic patients (91). As actual 
values may be blunted, trends may well be more useful 
in this population. Immunosuppression does reduce the 
induction of PCT. However once again the kinetics of the 
PCT should be used rather than absolute values.

Prognosis
The magnitude of the peak PCT response as well as the rates 
of clearance of PCT and CRP have been found to reflect 
the severity of disease and predicting outcome in many of 
the reported studies (39,47,61,62,92,93). IL-6, TNF-α and 
PCT have been demonstrated to be good prognosticators 
of mortality (41). Pre transplantation PCT levels have been 
suggested to prognosticate transplant success (25). 

Conclusions

The heterogeneity of the patients we manage together with 
the complexities and the overlap that surround the PAMPs 
and DAMPs induced inflammatory response necessitates 
that we try our best to map this process as it evolves and 
culminates with recovery, organ dysfunction or death. The 
biomarkers at our disposal are far from adequate but there 
is evidence to support the use of PCT and CRP kinetics—
provided it is interpreted against the clinical backdrop—to 
inform our decision-making and guide our management. 
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Box 1 Key messages

Postoperatively, PCT and CRP kinetics need to be interpreted within the context of the clinical scenario

Complications need to be considered when

PCT levels plateau or increase from day 2 onwards post surgery

CRP levels plateau or increase from day 4 onwards post surgery

A low PCT level or a rapidly decreasing PCT level in a patient with septic shock or unwell patient should raise suspicion about the  
possibility of a fungal infection

A PCT guided antibiotic strategy may be used to reduce antibiotic exposure safely and reliably provided the patient is improving clinically

PCT, procalcitonin; CRP, C-reactive protein.
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